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ABSTRACT
Evaluating criteria selection has significant impacts on data
envelopment analysis (DEA) efficiency estimates. Selecting the
proper evaluation criteria lead to successful and meaningful
results of decision-making. This study aims to use the Decision
Making Trial and Evaluation Laboratory (DEMATEL) method to
evaluate the most important constructs and criteria and also
establish causality relationships among others for financial hold-
ing companies (FHCs) of banks’ operating ability in Taiwan. In this
research 15 criteria were confirmed through reviewing various
articles associated with this issue. Then, the information from the
questionnaire was turned into the DEMATEL questionnaire and
was distributed among nine experts and also members of the
FHCs of Taiwan. The research results show that employees, total
assets, total liabilities, non-interest income, income on invest-
ments, net profits before tax, net worth, and EPS are eight causal
criteria. Furthermore, operating expenses, capital, interest
expenses, interest income, operating income, return on assets
(ROA), and return on equity (ROE) are seven effect criteria.
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The banking industry in Taiwan was under government protection and control before
1986. Such control was gradually released with the rise of financial liberalisation and
following the changes in the business environment. The Taiwanese government also
launched the first financial reform in 2004 to improve the structure and profitability
of financial institutions in Taiwan and to revitalise the domestic economy. Compared
with other countries, however, as financial institutions in Taiwan are smaller, more
homogeneous and lack international competitiveness, the Taiwanese government
launched a second financial reform (Financial Reform II), hoping to enhance the
operational efficiency and competitiveness of financial institutions in Taiwan through
continuous improvement of operational conditions of Taiwan’s financial industry.
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Sherman and Gold (1985) were amongst the earliest scholars to measure the oper-
ational efficiency of financial institutions with data envelopment analysis (DEA).
Previous studies measured the operational efficiency of the financial industry using
the DEA and emphasised the effect of input and output on efficiency, which is identi-
cal with measuring the efficiency of the production process of general traditional
industries. However, the characteristics of the financial industry are different from
that of traditional industries. Therefore, the selection of proper criteria will lead to
successful and meaningful results in the decision-making of financial holding compa-
nies (FHCs).
According to Seiford and Zhu (1999) the financial industry has multiple inputs
and multiple outputs. Wagner and Shimshak (2007) pointed out that past studies
often measured the operational efficiency of the financial industry with the data in
the financial reports of financial institutions. Paradi and Zhu (2013) found that little
had been discussed in previous studies about how to reduce ‘not fully used’ inputs
and how to increase expected outputs, so it is critical to select the appropriate inputs
and outputs. Most studies referred to the input and output variables proposed in pre-
vious studies and analysed the ‘related criteria’ between input and output with the
Pearson correlation test to explain the correlations between input and output varia-
bles. However, Paradi and Zhu (2013) suggested that integrating financial theories
with the DEA, which contains the opinion of more operators with practice experi-
ence, would be a better solution. Therefore, the purpose of this study intends to use
the Decision Making Trial and Evaluation Laboratory (DEMATEL) method to select
the most important criteria and establish causality relationships among others for
FHCs operating ability in Taiwan. Apart from collating and inducing the variables
proposed in previous studies, DEMATEL will examine these constructs and criteria
using the questionnaire expert survey before testing them with ‘causality analysis’.
The rest of this article is organised as follows. Section 2 contains some ideas about
constructs and criteria selection and DEMATEL method. Section 3 presents how this
research adopted the methodology in the FHCs. Section 4 describes the results and
Section 5 provide our conclusion and recommendations.
2. Literatures review
As efficiency is measured to improve organisational management, the selection of
input and output items must correspond to management assessment. Also, as capital
lending is the core business of banks, capital input and capital availability are the two
major inputs, and profit is the major output. If the input and output items are nega-
tive values, Ali and Seiford (1993) proposed the addition of a positive value to each
item to ensure that the value is a positive real number. If the input or output value
of an assessed unit is ‘0’, although this can still meet the linear programming require-
ments, this will become extremely unreasonable in actual situation. Also, as the ana-
lysis outcomes are difficult to explain, assessed units of such kind are often called the
‘outlier’, and they should be avoided. When accessing bank operational efficiency
with DEA, the choice of input and output items varies due to different points of
view. Believing that banks are the bridge between capital demanders and capital
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suppliers, Favero and Papi (1995) selected the balance sheet titles as the input and
output items. However, the production process of the financial industry differs from
that of manufacturing industries. For example, the input and output of manufacturing
industries are readily identifiable, the output is quantifiable and its value is measur-
able. In contrast, the financial industry absorbs capital with different tools, provides
services, and provides capital demanders with different types of loans or financing.
As the output services of the financial industry are difficult to quantify, scholars
define the input and output of the financial industry in different ways. According to
Bergendahl (1998), it is important to analyse the assumptions and definitions of input
and output with the DEA, and these assumptions and definitions vary based on the
research aims and viewpoints of scholars. An FHC has a host of input and output
items, general measuring methods include the production approach (Camanho &
Dyson, 2008; Sturm & Williams, 2004) and the intermediation approach (Huang &
Wang, 2004; Kwan, 2006; Ray, 2007; Weill, 2010).
Chao, Yu, and Chen (2010) took an intermediation approach to measure the FHCs
performance of Taiwan with a multi-activity DEA After reviewing 196 studies meas-
uring the FHCs operational efficiency during 1998–2009, Fethi and Pasiouras (2010)
found that profitability and productivity were the most important outcomes, and the
difference between input and output selection was significant when measuring finan-
cial institution efficiency with DEA After reviewing 80 published papers investigating
the operational efficiency of financial institutions in 24 countries with DEA, Paradi
and Zhu (2013) suggested that it is necessary to reduce some constraints by analysing
the input and output variables with DEA to ensure aggregation, as this will help to
distinguish models from one another. For example, service employees, sales employ-
ees, and back-office employees can be categorised as employees in the input items.
After summarising 100 past studies investigating the financial industry with DEA
during 1990–2011, this article performs the variable analysis on the input and output
items in these studies, including employees, operating fees, total capital asset (loan),
total liability (deposits), spread income, non-spread income, profit from investment,
net value, return on assets (ROA), return on equity (ROE), and earnings per share
(EPS). Scholars analysed the correlations among both groups of variables with the
Pearson correlation test to ensure that they met the input and output variable
requirements in the DEA Elyasiani and Wang (2012) used labour, fixed assets, depos-
its, non-interest expenses, loan, securities, non-interest income, security, and trading
eight variables to examines whether banking holding company (BHC) diversification
is associated with improvement or detriment its production efficiency. Hsu and Li
(2013) used a risk-adjusted return on capital (RAROC). framework as the basis of
input and output through DEA to assessment performance of Taiwan’s 14 FHCs.
Huang, Chen, and Yin (2014) used fixed assets, equity, personnel expenses, deposits
and short-term funding, other raised funds, gross loans, other earning assets and
non-performing loans eight variables to assess the efficiency of a bank in China. Liu
and Hsu (2014) used ROA, ROE, and non-operating expenses ratio (NOE) to exam-
ine the determinants of profit performance of FHCs. Yang (2014) used deposits, per-
sonnel expense, fixed assets, loans, portfolio investment, non-interest revenue, and
non-performing loans seven variables to measure technical efficiencies of banks both
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standing-alone and subordinate to FHCs. Wang, Lu, and Liu (2014) used total liabil-
ity ratio, total equity ratio, unit employee cost, profit ratio, ROA, ROE, book-to-mar-
ket equity ratio, earnings to price ratio eight variables to measure the performance of
profitability and value creativity of US. BHCs. Curi, Lozano-Vuvas, and Zelenyuk
(2015) used labour, capital, interbank deposits, customer deposits, interbank loans,
customer loans, securities, and directly charged services eight variables to measure
operational efficiencies of foreign banks and explored the relations between diversifi-
cation and efficiency. Wu (2015) introduced loans, operating revenue, other revenue,
deposits, number of employees, number of branches, and fixed capital seven variables
into the DEA and the Malmquist productivity index (MPI) to examine the oper-
ational efficiency of Taiwan’s bank of FHCs. Peng et al. (2017) used total deposits,
number of employees, total fixed assets, total loans, other investment assets, and other
non-interest income six variables to measure the banking industry of Taiwan.
According to Jenkins and Anderson (2003), apart from using scientific and statistical
techniques, the selection of input and output variables for efficiency assessment
should be practical and reasonable. Therefore, scholars began establishing causality
models with Structural Equation Model (SEM) in recent years. However, after exam-
ining the flight safety efficiency of airlines with DEMATEL and SEM, Liou et al.
(2010) found that the former can reinforce the latter, which is often misused by users
revising the model with data and even infer theories without theoretical support.
Also, DEMATEL has been widely applied to test the criteria in e-learning, decision-
making, knowledge management, operations research, customer behaviour, and selec-
tion system. Therefore, this study will test the correlations among the input and out-
put variables with DEMATEL Apart from collating and inducing the variables
proposed in past studies, this study will examine these constructs and criteria with
questionnaire expert survey before testing them with ‘causality analysis’.
DEMATEL was developed by the Battelle Memorial Institute of Geneva during
1972–1976 in the Science and Human Affairs Program for constructing a mutually
associated network-based structure to analyse the complex situations in the real world
(Grbus & Fontela, 1972). DEMATEL effectively resolves complex and entangled social
issues and explains the complex causality structure by means of hierarchical struc-
tures. It examines the pair-wise effect between constructs, criterion and calculates the
causality and effect of all criteria by means of matrix (Liou et al., 2010). DEMATEL
can be applied to analyse the correlations of issues among departments or criteria
among issues under imprecise, uncertain and unpredictable environments, so as to
find the causality among issues or criteria (Ho et al., 2011; Ilieva, 2017; Li &
Mathiyazhagan, 2018; Si et al., 2018). DEMATEL designs the experience, knowledge,
and opinion in a model structure. Compared with SEM, apart from reflecting the
causality effect among variables with the impact-relation map (IRP), it provides crite-
ria for comparison (Tzeng, Chiang, & Li, 2007). Therefore, DEMATEL explains the
importance-impact relations within the cluster and verifies the mutual impact rela-
tions among criteria or clusters. Mirmousa and Dehnavi (2016) used DEMATEL to
evaluate 43 criteria for universities of Yazd selected supplier. B€uy€uk€ozkan and
G€ulery€uz (2016) used DEMATEL to analyse and select the most appropriate renew-
able energy resources (RER) in Turkey. Lin, Hong, and Cheng (2017) used
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DEMATEL to analyse key patent and relations of a light-emitting diode (LED) bicycle
light. Song and Cao (2017) used DEMATEL to evaluate relations between the criteria
of a product–service system. Kumar and Dixit (2018) used DEMATEL to evaluate the
barriers to the management of waste of electrical and electronic equipment (WEEE).
Li and Mathiyazhagan (2018) used DEMATEL to analyse the influential indicators of
sustainable supply chain adoption in the auto components manufacturing sector.
Therefore, DEMATEL is a practical and reasonable approach to analyse relations
between criteria. The detailed procedure of DEMATEL is briefly summarised as
five steps:
Step 1: Defining the research problem
A literature review is required to explore and compile relevant data for designing
the research problem. The views of experts are very significant to understand and
achieve the desired goal.
Step 2: Establish a direct-relation matrix (A)
In step 2, each experts were asked to rate the barriers and to form a direct rela-
tionship matrix based on the scale. The scale designed has five levels: ‘0 (No influ-
ence), 1 (Very low influence), 2 (Low influence), 3 (High influence), 4 (Very high
influence)’. The initial data can be obtained as the direct relationship matrix. To
incorporate all the responses from Y respondent, the average direct relation matrix aij





where, K ¼ number of respondent with 1  ik  H;N ¼ number of research criteria
Step 3: Normalising the direct-relation matrix (D):
Follow the basis of the direct-relation matrix of average matrix (M), the normal-
ised matrix (D) can be obtained through Equation (2):
D ¼ M  B











Step 4: Attaining the total relation matrix (T):
The total relation matrix (T) is developed by using Equation (3):
T ¼ N INð Þ1 (3)
Step 5: Developing a causal diagram:
The sum of rows ri½ n1 and sum of column dj
 
1n represents the vectors of the
total relation matrix respectively. Subsequently, the horizontal axis vector ri þ dj
 
named as ‘Prominence’ exhibits the overall effect contributed and experienced by cri-
teria ‘i’. Similarly, the vertical axis vector ridj
 
named as ‘Relation’ may divide cri-
teria ‘i’ into cause group and effect group. Generally, if ridj
 
is positive, then
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criteria is grouped into cause group, while if ridj
 
is negative, then the criteria is
grouped into effect group (Tseng, 2009; Kumar & Dixit, 2018).
3. Methodology
3.1. Research constructs and criteria
As efficiency is measured to improve organisational management, the selection of
input and output items must correspond to management assessment. Also, as capital
lending is the core business of banks, capital input and capital availability are the
two major inputs, and profit is the major output. When assessing bank operational
efficiency with the DEA, the choice of input and output items varies due to different
points of view. As it is difficult to investigate the management information in the
production process of the financial industry with 1-DEA, The multi-DEA model is
designed to examine the efficiency of individual service within different but highly
homogeneous multi-subsidiary companies. The multi-DEA approach is developed to
estimate relative efficiency for multi-activity decision-making units (DMUs) such as
FHCs. The multi-stage DEA input–output criteria process is shown in Figure B1.
Furthermore, most studies used the intermediation approach, as banks are consid-
ered as the mediator of financial services that input capital and labour to convert sav-
ings into loans and investments, with amount as the measuring unit. After reviewing
the criteria-related literature, this study selected criteria based on those used in the
related literature and the database of the Taiwan Economic Journal (Cheng, Liang, &
Huang, 2014; Elyasiani & Wang, 2012; Huang & Chung, 2017; Lee & Yang, 2014; Liu
& Hsu, 2014; Wu, 2012; Yen, Yang, Lin, & Lee, 2012). Also, the titles and data in the
financial reports announced by the research samples during 2001–2010 are other
sources of the criteria selection in this study. This study combined view of a multi-
stage DEA and related literature and generalised sales ability, revenue ability, profit-
ability and operational ability of four constructs. The descriptions of the four con-
structs are shown in Table A1. The list and description of the 15 criteria under the
four constructs of this study selected are presented in Table A2.
3.2. Data collection
So far, there are no related literatures of DEMATEL specifically demonstrating the
appropriate number of experts for study, reliability, and validity (Lee, Tzeng, Yeih,
Wang, & Yang, 2013; Si et al., 2018). As the operating abilities and criteria of the
FHC of banks is the subject matter of this study, the assessment constructs included
sales, revenues, profits and operation abilities. Because it covers a wide variety of
aspects, the in-depth interview was applied to compensate for the inadequacy of the
related literature and experience. Therefore, the respondent selection, those with a
deep understanding and rich experience in the operating strategy of FHCs were
selected. And this study collected nine respondents who were in service in an FHC
Bank associate managers, officers of higher levels and senior consultants with presi-
dent experience all had more than 20 years financial service length, which means
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respondents of this study all possessed the extensive experience to evaluate the per-
formance of FHC The basic data and coding of respondents are shown in Table A3.
Moreover, in order to verify the results of DEMATEL analysis and enhance the
reliability and validity of the study, the elite interview was conducted to this study to
complement DEMATEL under limited sample size (Bhatia & Srivastava, 2018; Lee
et al., 2013). The elite interview could provide valuable information concerning the
scope, present status, difficulty and future development of the question for the
researcher to better understand the present status of cases or scenarios from limited
and representative respondents (Harvey, 2011; Mikecz, 2012; Morris, 2009; Stephens,
2007; Welch et al., 2002). In terms of this study, the elite interview not only further
helped to establish causality of constructs and criteria with DEMATEL, but it also
proposed suggestions after examining the relations of the constructs and criteria of
the study by cross-verifying the results of DEMATEL analysis and elite interviews.
This study smoothly interviewed nine respondents with open questions. The main
aim of this study is to evaluate the criteria for FHC’s operating ability. The question
of the elite interview was ‘Considering the financial environment today, what criteria
are important to FHCs’ operating ability and performance?’
4. Result and discussion
4.1. The result of the elite interview
The result of the elite interview with nine respondents from the FHCs in banks
showed in Table A4. First of all, due to highly sophisticated, competitive and uncer-
tain business environment, the characteristics of the FHCs are different from that of
traditional industries in Taiwan. Therefore, respondents of interviews suggested that
FHCs should have multi-dimensional perspective in operating and evaluation to
become competitive. Moreover, respondents also suggested that FHCs should be sen-
sitive enough to adjust their investment policies based on the changes in the business
environment, especially after the global financial crisis and euro zone debt crisis.
According to the result of elite interviews, the criteria, ‘employee’ (H1), ‘interest
income’ (I1), ‘non-interest income’ (I2), ‘income on investments’ (I3), ‘operating
income’ (P1), ‘net profits before tax’ (P2) ‘ROA’ (S1), ‘ROE’ (S2), and ‘EPS’ (S3),
were all the important criteria of FHCs and conducted in DEMATEL As to the result
of DEMATEL, the importance of ‘income on investment’ was in third place with the
weight of prominence and relation. Apart from ‘income on investment’ (I3), ‘interest
income’ (I1), ‘non-interest income’ (I2), ‘ROA’ (S1), and ‘EPS’ (S3) were regarded as
the major items to FHCs by respondents. In the result of DEMATEL, ‘interest
income’ (I1), ‘non-interest income’ (I2), ‘ROA’ (S1), and ‘EPS’ (S3) were important
criteria with influence and received influence. And the operating income has direct
effects with ‘net profits before tax’ (P2), ‘income on investment’ (I3), and ‘interest
income’ (I1) as the result of elite interviews. Therefore, results of DEMATEL were
consistent with elite interviews and it also showed the validation of the study includes
results of DEMATEL and nine rich experience respondents.
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4.2. Verification of importance and impact of constructs
The framework and inter-relationship of the operating efficiency of FHCs were verified
with DEMATEL The mutual impact of the four constructs of operating abilities and 15
criteria were analysed to obtain the importance and impact and the net relation map as
Figure B2.
The total impact relations of operational ability assessment constructs are showed
in Table A5. As shown in the table, revenue ability has the highest prominence
(8.330), profitability the second highest (7.701), and operational ability the least
(6.292). This suggests that revenue ability is the most influential and the most
important construct in the entire structure; while ‘operational ability’ is the least
influential.
In terms of causality, sales ability and operational ability are the two of the four
professional abilities with positive values; with an inclination toward the initial rela-
tion category, which belongs to the active influence criteria. The relationship value of
operational ability is the greatest and most positive (0.421), suggesting that oper-
ational ability has a greater direct influence on other ability constructs than vice
versa. As its prominence is the smallest, it has a weaker total impact relationship.
The relation value of revenue ability and profitability is negative, with an inclin-
ation toward the effect relation category, which belongs to the passive influence crite-
ria. This suggests that other constructs influence these two criteria more than they
can influence others. Profitability has the lowest relation value (-0.142), that is, it is a
factor of low relationship but with a high prominence, with an inclination toward
effect, representing that it is most easily influenced by other constructs. This result
suggests that profitability is the most critical and most important core ability for
enhancing operating efficiency, but it is most easily influenced by other active influ-
ence criteria.
4.3. Verification of importance and impact of criteria
The total impact relationship of 15 criteria is shown in Table A6. Moreover, the
‘strength of prominence and relationship of 15 criteria’ is shown in Table A7.
As shown in the table, the top three criteria in prominence (rþ d) are ‘interest
expense’ (Y3), ‘non-interest income’ (I2), and ‘non-interest income’ (I3), suggesting
that the total impact relationship and centrality of these three criteria are the highest
among all input and output criteria. This is to say that they are the most important
and most influential criteria among all the 15 input and output criteria. ‘Total asset’
(Y1) has the lowest centrality (6.292), representing that its centrality is the lowest
among all input and output criteria and its total impact relationship is the weakest
when compared to other criteria.
If relation (r – d) is a positive value, this means that the criterion is an active
influence in the causality of all criteria and its net influence is positive. Seven of the
15 input–output criteria have an active influence, suggesting that they incline toward
the initial relationship category. This is to say that these criteria have a greater direct
influence on the others than vice versa. These criteria by their relationship strength
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in ascending order are: ‘EPS’ (S3), ‘total asset’ (Y1), ‘interest income’ (I1), ‘total liabil-
ities’ (Y2), ‘non-interest income’ (I2), ‘net worth’ (P3) and ‘employees’ (H1).
If relation (r – d) has a negative value, this means that the criterion is a passive
influence on the causality of all criteria. In this model, the 15 ability criteria with a
negative value are categorised in the effect relation category, meaning that these abil-
ity criteria are influenced more easily by others than they can influence others. These
criteria by relationship strength in the ascending order are: ‘ROA’ (S1), ‘capital’ (H3),
‘net profits before tax’ (P2), ‘interest expense’ (Y3), ‘interest income’ (I1), ‘operating
expenses’ (H2), and ‘ROE’ (S1). ‘ROE’ (S1) has the lowest negative relationship value
(–0.862), suggesting that ‘ROE’ (S1) is most easily influenced by other criteria.
Concluding the above, the criteria of operating ability of FHCs constructed by this
study verified the operating ability constructs and criteria of FHCs. By further analy-
sing the impact relationship and inter-relationship among individual operating ability
constructs and criteria with DEMATEL, the constructs and criteria that are the most
critical core abilities and the most important operating abilities of FHCs are located.
From the causality among constructs and criteria, we can better understand the
mutual influence among the ability constructs and criteria. When assessing oper-
ational efficiency, these results provide a reference for prioritising the improvement
of operating abilities to enhance operating efficiency.
Expert interviews and the causality survey were implemented in accordance with
the steps in DEMATEL The outcomes of the test for causality among the criteria
showed a high impact relationship among the criteria. The four constructs of this
study included: operational ability, sales ability, profitability and revenue ability. The
criteria in each construct included: ‘employees’ (H1), ‘operating expenses’ (H2),
‘capital’ (H3), ‘total assets’ (Y1), ‘total liabilities’ (Y2) and ‘interest expenses’ (Y3) in
sales ability; ‘interest income’ (I1), ‘non-interest income’ (I2) and ‘income on invest-
ments’ (I3) in revenue ability; ‘operating income’ (P1), ‘net profits before tax’ (P2),
and ‘net worth’ (P3) in profitability; and ‘ROA’ (S1), ‘ROE’ (S2), and ‘EPS’ (S3) in
revenue ability.
5. Conclusion
Based on the related literature and elite interviews, operating constructs, criteria and
their cause–effect relations were generalised and measured with a quantitative survey.
As the DEMATEL outcomes show, in the total prominence impact, ‘interest expense’
(Y3), ‘interest income’ (I1), and ‘non-interest income’ (I2) are the three most influen-
tial criteria affecting relations and the core. This implies that ‘interest expense’ (Y3) is
the payment for capital gain, that is, the capital cost of deposits is the prime concern
in the operating process. Next, ‘interest income’ (I1), the main income source in trad-
itional FHC operation representing the gap between interest income from lending
and interest expense for deposits, was still a major output regardless of the changes
in the financial business environment in recent years. ‘Non-interest income’ (I2) is
the service fee charged from the sales of wealth management products, which is
another major variable increasing output. ‘EPS’ (S3) and ‘total assets’ (Y1) are the
powerful criteria directly influencing other criteria amongst the cause criteria of
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relation. This implies that the highest ‘EPS’ (S3) is the criteria measuring the final
operational efficiency of FHCs. ‘Total assets’ (Y1) are the lending business and finan-
cial product sales of FHCs, which are the largest income source with direct influence
on the criteria at different operational stages. Amid the effect criteria of relation,
‘ROE’ (S2) and ‘capital’ (H3) have the highest received influence. That is, they are
most easily influenced by other input and output variables. This implies that enter-
prises must make investments and invest various operating fees so as to increase reve-
nues. Therefore, ‘capital’ (H3) is easily influenced by other inputs and outputs. The
net value is the accumulative value of an enterprise’s overall operation. Therefore, the
influence of other criteria on ‘ROE’ (S2) also increases.
Conclusively, given the characteristic of multiple inputs and multiple outputs of
FHC, using statistical methods to explore and analyse performance criteria of FHCs
is challenging today. Due to the limited data and construct, previous studies with
statistical methods, such as SEM, still encountered obstacles on dealing with negative
value and complicated constructs (Jenkins & Anderson, 2003; Seiford & Zhu, 1999).
This study collected 15 criteria from previous studies and categorised as four con-
structs. For future studies, these constructs and criteria could not only help research-
ers have more awareness of FHCs operation but also help them choose the correct
criteria to evaluate the performance based on their research subjects. It is also the
first contribution and novelty of the study. Moreover, the net relation map of 15 cri-
teria was analysed and presented by using DEMATEL in the study. And the net rela-
tion map not only visualised complicated relations among criteria but also extended
the input and output perspective for FHCs’ managers. In the meanwhile, FHCs’ man-
agers could develop a clear strategic map and make a more detailed and accurate
strategy through the net relation map. It is the second contribution and novelty of
the study. Finally, although DEMATEL could explain the importance of impact rela-
tions within the cluster and verifies the mutual impact relations among criteria or
clusters, but there were no related literatures demonstrated specifically the appropri-
ate number of experts for study, reliability, and validity today (Lee et al., 2013; Si
et al., 2018). Therefore, this study linking qualitative and quantitative approaches, the
elite interview and DEMATEL, to evaluate performance criteria for FHC would com-
pensate for the inadequacy of previous studies and enhance the validity of the study.
It is the third contribution and novelty of the study.
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Appendix
Appendix A: Tables
Table A1. Description of four constructs.
Construct Description
Sales ability Sales ability is the ability of a FHC uses its employees,
assets, and capitals to expand the business scope.
Revenue ability Revenue ability is the ability of a FHC generates
income through its primary operations before any
expenses are taken out.
Profitability Profitability is ability of a FHC uses its resources to
generate revenues including cost-cutting efforts in
excess of its expenses.
Operational ability Operational ability is the efficiency and effectiveness of
a FHC to utilise its resources to generate profits.
Table A2. List and description of 15 criterions.
Construct Criterions Code Description
Sales ability employees H1 Employees are measured as the number of fulltime
equivalent employees.
operating expenses H2 Operating expense is an expense a business incurs through its normal
business operations, including rent, equipment, inventory costs,
marketing, payroll, insurance, and funds allocated for research and
development.
capital H3 Capital is the value of net fixed assets, as well as the tangible factors
of production including equipment used in environments and other
manufacturing facilities.
total assets Y1 Total assets are the sum of all current and non-current assets and
must equal the sum of total liabilities and stockholders’
equity combined.
total liabilities Y2 Total liabilities are the aggregate debt and financial obligations owed
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Table A2. Continued.
Construct Criterions Code Description
Interest expense is the cost incurred by an entity for borrowed funds
and represents interest payable on any borrowings – bonds, loans,
convertible debt or lines of credit.
Revenue
ability
interest income I1 Interest income is the difference between the revenue that is
generated from a bank’s assets and the expenses associated with
paying its liabilities, including deposit interest, loan interest,
debenture interest, interest arrears and so on, gained by bank from
lending funds to others.
non-interest income I2 Non-interest income is bank and creditor income derived primarily
from fees including deposit and transaction fees, insufficient funds
fees, annual fees, monthly account service charges, inactivity fees,
check and deposit slip fees, and so on.
income on investments I3 Income on investment is comes from interest payments, dividends,
capital gains collected upon the sale of a security or other assets,
and any other profit made through an investment vehicle of
any kind.
Profitability operating income P1 Operating income is an accounting figure that measures the amount
of profit realised from a business’s operations, after deducting
operating expenses such as wages, depreciation and cost of
goods sold.
net profits before tax P2 Profit before tax is a measure that looks at a company’s profits before
the company has to pay corporate income tax. It deducts all
expenses from revenue including interest expenses and operating
expenses except for income tax.
net worth P3 Net worth is a concept applicable to individuals and businesses as a
key measure of how much an entity is worth, and the amount by
which assets exceed liabilities.
Operational
ability
Return on Assets (ROA) S1 ROA is measured as After-tax profit/loss divided by average
total assets.
Return on Equity (ROE) S2 ROE is measured as the ratio of net income after taxes to
shareholder equity.
Earnings Per Share (EPS) S3 E.P.S is measured as After-tax net earning minus preferred share
dividends divided by weighted average number of shares
outstanding.
Table A3. Basic data and coding of respondents.
Code FHC Present Title
Financial Service
Length (years) Asset Scale Net value
1 Mega-CAI X-Cai Chairperson 35 25,522 2,029
2 SinoPac-CHEN X-xing Vice President 30 13,295 901
3 Taishin-XIA X-lan Vice President 20 26,925 1,062
4 Fubon-Sun X-Chi President 24 40,252 2,337
5 Cathay-Chin X-Chen President 26 53,698 2,137
6 ChinaDeve-Sui X-Li President 24 4,830 1,188
7 Chinatrust-CHEN X-he Vice President 27 21,495 1,714
8 Huana-Chang X-Wu Associate Vice President 30 20,140 1,255
9 Yuanta-Chao X-yun Associate Vice President 22 8,098 1,492
Table A4. Result of elite interviews.
Common Views Special Views
1. Talent recruitment and talent training are the
major input costs of financial holding companies.
2. General indicators for measuring the overall
operational ability of financial holding companies
include: ROE, ROA, and EPS
3. Apart from interest income, the income on service
fees (non-interest) has been an increasing
operating income of financial holding companies.
1. Assessing efficiency with the stock price is not
objective, as it is significantly impacted by
uncertain factors, such as the business
environment and investor speculation.
2. The value of financial holding companies should be
based on the ‘cross-business operational
efficiency’ expressed.
3. When assessing the efficiency of financial holding
companies, the concept of one company should
be replaced by a financial conglomerate.
(continued)
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Table A5. Total impact relationship of operating ability assessment constructs.
Construct
Received




(r – d) Sequence
Sales ability 3.811 3.751 7.562 0.060 3
Revenue ability 3.850 4.479 8.330 –0.629 1
Profitability 3.780 3.922 7.701 –0.142 2
Operational ability 3.357 2.936 6.292 0.421 4
Table A6. Total impact relations of 15 criterions.







Sales ability H1 3.811 3.751 7.562 0.060
H2 3.850 4.479 8.330 –0.629
H3 3.780 3.922 7.701 –0.142
Y1 3.357 2.936 6.292 0.421
Y2 3.672 3.351 7.023 0.322
Y3 4.555 4.810 9.365 –0.255
Revenue ability I1 3.621 4.152 7.773 –0.532
I2 4.591 4.300 8.892 0.291
I3 4.369 3.981 8.350 0.389
Profitability P1 3.466 3.647 7.113 –0.181
P2 3.967 3.727 7.694 0.240
P3 3.989 3.972 7.961 0.017
Operational ability S1 3.136 3.998 7.134 –0.862
S2 3.263 3.323 6.586 –0.061
S3 4.613 3.674 8.287 0.939
Table A4. Continued.
Common Views Special Views
4. The income from investments is one of the off-
balance-sheet activities in the operating income
of financial holding companies.
5. The status of the operating income directly affects
profits; and interest income, non-interest income
and income from investments are the major
items in the operating income of financial
holding companies.
6. In consideration of the status of the profits, net
profits before tax and the resultant net profits
are the references.
7. ROA is applied to assess the operational ability of
overall asset utilisation of financial
holding companies.
8. The sales indicator is the main start of overall
operating income in the operational process.
9. The selling and administrative and depreciation and
amortisation expenses are the most important
input costs of financial holding companies.
10. Financial holding companies should improve sales
ability, expand the business and increase
market share.
11. 70% of the budget is planned for pre-decided
performance targets: such as operating income,
profits before taxes, ROA
4. Indicators assessing operational efficiency should
combine the implications of efficiency in the past,
present and future.
5. A financial holding company should be multi-
dimensional to become competitive.
6. Financial holding companies should be sensitive
enough to adjust their investment policies based
on the changes in the business environment after
the global financial crisis and euro zone
debt crisis.
7. Efficiency assessment needs operating volume and
‘there is no management in the absence of
volume.’ Therefore, operating income is the focus
of the target evaluation.
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Appendix B: Figures
Table A7. Strength of prominence and relationship of 15 criterions.
Sequence
Influence (r) Received influence (d) prominence (rþ d) Relation (r – d)
Criterions Weight Criterions Weight Criterions Weight Criterions Weight
1 S3 4.613 Y3 4.81 Y3 9.365 S3 0.939
2 I2 4.591 H2 4.479 I2 8.892 Y1 0.421
3 Y3 4.555 I2 4.300 I3 8.350 I3 0.389
4 I3 4.369 I1 4.152 H2 8.330 Y2 0.322
5 P3 3.989 S1 3.998 S3 8.287 I2 0.291
6 P2 3.967 I3 3.981 I1 7.773 P2 0.240
7 H2 3.850 P3 3.972 H3 7.701 P3 0.017
8 H1 3.811 H3 3.922 P2 7.694 H1 0.060
9 H3 3.780 H1 3.751 P3 7.691 S1 –0.862
10 Y2 3.672 P2 3.727 H1 7.562 H2 –0.629
11 I1 3.621 S3 3.674 S1 7.134 I1 –0.532
12 P1 3.466 P1 3.647 P1 7.113 Y3 –0.255
13 Y1 3.357 Y2 3.351 Y2 7.023 P1 –0.181
14 S2 3.263 S2 3.323 S2 6.586 H3 –0.142
15 S1 3.136 Y1 2.936 Y1 6.292 S2 –0.061
Figure B1. Multi-stage DEA input–output criterions process.
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Figure B2. Net relation map of criterions of operating ability.
2988 M.-Y. CHANG ET AL.
